| INTRODUCTION
The ABO gene is located on chromosome 9 and is composed of seven exons that encode the glycosyltransferase that determines the ABO blood group type. The major alleles of the ABO gene are A, B, and O, and have various single nucleotide polymorphism (SNP) sites.
1 ABO genotyping has become a common tool for forensic investigation because the method does not require a fresh blood sample, in contrast to serological blood typing.
The ABO genotypes are determined by SNP profiles. The SNP profiles are made from the pattern of nucleotides at each SNP locus. Specific detection of the nucleotide at each SNP locus is needed to determine the pattern of SNPs. Several methods able to discriminate between alleles with a single nucleotide alteration have been proposed, based on PCR-restriction fragment length polymorphism, 2 PCR-single strand confirmation polymorphism, 3 and allele-specific PCR (AS-PCR). 4 Among these methods, AS-PCR is superior in terms of specificity/sensitivity and protocols. However, conventional PCR methods require a long reaction time in which almost 1 hour is needed for PCR amplification alone. [4] [5] [6] We previously developed a droplet-PCR machine, which has better thermal conductivity than the conventional PCR machine and enables rapid PCR amplification. [7] [8] [9] [10] Our droplet-PCR is applicable to various genetic tests. [7] [8] [9] In addition, droplet-PCR methods using allele-specific primers (droplet-AS-PCR) can detect SNPs.
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In the present study, we applied the droplet-AS-PCR assay to ABO genotyping, and examined its specificity/sensitivity using crude DNA prepared without a purification extraction step from buccal cells and dried blood spot samples. 
| MATERIALS AND METHODS

| DNA extraction from peripheral blood (PB) samples
| Real-time droplet-PCR machine
The novel droplet-PCR machine (SEIKO EPSON, Suwa, Nagano, Japan) has two heating blocks and a fluorescent detector FLE1000
(Nippon Sheet Glass Co., LTD., Tokyo, Japan; Figure 1 ). The two heating blocks consistently regulate the temperature of each end of the reaction tube during denaturation (high temperature) and annealing/ extension (low temperature). To perform a rapid temperature transition, the reaction tube is filled with silicone oil, allowing the droplet of PCR mixture to move easily in the tube during the mechanical rotation of the machine. The droplet transfers from one end of the reaction tube to another owing to gravitation every thermal cycle. Therefore, one microliter of the PCR mixture in the droplet state is able to perform shuttle PCR in the reaction tube.
| Direct sequencing
The ABO genotypes at three SNP loci were confirmed using genomic DNA obtained from PB by direct sequencing in both directions on an automated DNA sequencer (3500 Genetic Analyzer; Thermo Fisher Scientific, Waltham, MA, USA). The genomic DNA samples obtained from PB were used for evaluating the specificity and sensitivity of the droplet-AS-PCR assay, using SNP genotype-specific primers and probes.
| Sample preparation for evaluation of sensitivity
The detection limit of the droplet-AS-PCR for each of the three SNP loci was examined using mixtures with genomic DNA (50 ng/μL) having specific alleles (261G of AB, 261ΔG of OO, 526G of AB, or 803C
of AB) and ones possessing alternative alleles (261ΔG of OO, 261G of AB, 526C of OO, or 803G of OO), respectively. For 526C and 803G, the detection limit of the droplet-AS-PCR was examined using plasmid DNA (10 5 copy/μL). Ratios of the specific alleles in the mixtures were adjusted to 50%, 10%, 5%, 1%, 0.5%, and 0.1%.
| Finders Technology Associates (FTA) paper processing
A few drops of PB from healthy volunteers were applied to an FTA classic card (GE Healthcare UK Limited, Buckinghamshire, UK). After the blood spots were dried for at least 1 hour at room temperature, disks 2 mm in diameter were punched out from the dried material on the FTA cards using a sterile hole puncher (Harris Micro-Punch;
Shunderson Communications Inc., Ottawa, ON, Canada). One or two disks were used for analysis.
| DNA preparation from buccal cells and dried blood spot samples
Buccal cells and dried blood spot samples were obtained from 10 healthy volunteers whose genotypes were predetermined by the direct sequencing method. Two volunteers had the AO genotype, four were OO, two were BO, and two were AB. Buccal cells and dried
The diagram of the droplet-PCR machine was modified from our previous reports.
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blood spot samples were hemolyzed using the hemolytic reagent and treated with 20 mg/mL proteinase K (Roche, South San Francisco, CA,
20 mmol/L DTT) at 50°C for 1 minute, and then denatured at 95°C
for 1 minute to inactivate the proteinase K.
| Design of primers and probes
We selected three SNPs (at nucleotides 261, 526, and 803) from exons 6 and 7 of the ABO gene to identify the A, B, and O alleles, according to a previous report. 12 For each allele, allele-specific primers (Table 1) were designed as previously. at the 3′-end nucleotide.
| Construction of plasmids carrying 526C, 526G, 803G, or 803C
To construct plasmids carrying 526C/803G and 526G/803C, PCR products were obtained by amplification of DNA from an AB type healthy volunteer using forward primer (5′-GGCAGCTGTCAGTGCTGGAGGT-3′) and reverse primer (5′-GTGGCAGGCCCTGGTGAGCCGCTGCAC-3′).
The amplicon were cloned into pCR2.1-TOPO vectors using the TOPO TA Cloning Kit (Thermo Fisher Scientific). The nucleotide sequences of 526C/803G and 526G/803C plasmids were confirmed by direct sequencing from 5′ and 3′ directions on an automatic DNA sequencer (3500 Genetic Analyzer; Thermo Fisher Scientific).
| Droplet-AS-PCR
ABO genotyping was performed using a high-speed droplet-PCR machine. [7] [8] [9] [10] The droplet-AS-PCR reaction mixture contained genomic DNA (50 ng), Platinum Taq DNA polymerase (Thermo Fisher Scientific), 800 nmol/L of each primer pair designed as above, 300 nmol/L TaqMan probe, and reaction buffer composed of TrisHCl pH 9.0, KCl, and MgCl 2 , in a total volume of 10 μL. One microliter of the reaction mixture was used for the droplet-AS-PCR assay.
The reaction conditions used were: 95°C for 10 seconds; and 35-40 cycles of 95°C for 4 seconds and 60°C for 8 seconds for all loci except for 261G when using dried blood and buccal cells. The annealing temperature for 261G when using dried blood and buccal cells was 62°C. The droplet-AS-PCR assays for the three SNP loci were performed in duplicate measurements using two aliquots prepared from a single PB preparation. All the SNP types of the 29 volunteers were pre-determined by direct sequencing. We determined an arbitrary standard of 5.9 for judging positive amplification results when the fluorescence level obtained from the positive samples were over 3SD
above the mean of those from negative (alternative SNP type) sample. 10 When the fluorescence level of the amplification by droplet-AS-PCR was over 5.9 at two consecutive assay points, we judged it as positive.
| Criteria for assigning the ABO alleles based on the three SNPs
Interpretative criteria for the ABO alleles and genotypes were according to Lee et al. 12 The interpretation based on the three SNPs is listed in Table 2 .
| RESULTS
| Specificity of the droplet-AS-PCR for ABO genotyping
Representative amplification plots are shown in Figure The amplification for 261ΔG was observed in AO, BO, and OO types, but not in the AB type, where only 261G was present. For 526C and 803G, amplifications were detected in AO, BO, OO, and AB genotypes, as expected. For the 526G and 803C, SNPs found in allele B, on the other hand, amplifications were detected in BO and AB types, but not in the AO or OO types. These amplification profiles were shown to be specific according to the criteria based on SNPs listed in Table 2 . Using the AS-droplet PCR, 29 samples were genotyped as follows: 11 were AO; 3 BO, 12 OO; and 3 AB. All of the genotypes determined by the droplet-AS-PCR were concordant with the genotypes from the direct sequencing method. We found that all amplifications were positive, and genotypes could be determined within 8 minutes.
| Detection limit of droplet-AS-PCR for three SNP loci
By the serial dilution experiment, the droplet-AS-PCR could specifically detect 261G, 261ΔG, 526G, and 803C at allele ratios of 5%, 5%, 10%, and 5%, respectively. In this experiment, the AA and BB types
were not available, so we evaluated the detection limit for 526C and 803G using plasmid DNA (10 5 copy/μL) instead of PB. The detection limit for 526C and 803G using plasmid DNA were 5% and 1%, respectively.
F I G U R E 2 Specificity of the droplet-AS-PCR method for ABO genotyping using genomic DNA extracted from fresh PB. In SNPs at position 261, the droplet-AS-PCR provided amplification for 261G (△) in AO, BO, and AB types, but not in the OO type. Amplification for 261ΔG (○) was observed in AO, BO, and OO, but not in the AB type. Amplification for 526C (□) and 803G (◊) was detected in all genotypes tested. Amplification for 526G (×) and 803C (*) was detected in BO and AB types. All amplifications were observed within 8 minutes. 
| DISCUSSIONS
In this study, it was possible to determine ABO genotypes from crude DNA within 9 minutes using the droplet-AS-PCR method. Crude DNA Crude DNA samples were available in addition to purified DNA from fresh blood for testing the ability of droplet-AS-PCR to determine ABO genotypes. ABO genotyping is a common tool for personal identification in the forensic field. However, fresh blood samples are not always obtained, and ABO genotyping often has to be determined from samples left at the crime scene such as dried blood, hair, small tissue specimens obtained by scratching. 12 Dried blood such as blood stain has been especially important for forensic analysis of specimens of human origin. In addition to ABO genotyping, dried blood is used to estimate the time the crime occurred according to the ratio of 18
S rRNA to β-actin mRNA. 17 We showed that crude DNA samples that were obtained from buccal cells and from dried blood spot samples could be used to determine the ABO genotype via droplet-AS-PCR.
Crude DNA from dried blood was as useful as DNA extracted from fresh PB samples to determine ABO genotypes. Conventional PCR sometimes causes false DNA amplification because it cannot strictly control the temperature shift from the denaturing to the extension phase, and vice versa. 9 On the other hand, the droplet-AS-PCR method can correctly change the temperature for PCR testing in a few seconds, and can amplify a target DNA without non-specific amplification in the presence of impurities. Therefore, crude DNA is a suitable sample for PCR testing by the droplet-AS-PCR method.
The times needed for determining ABO genotypes by droplet-AS-PCR from DNA extracted from fresh PB and from crude DNA were <8 and 9 minutes, respectively. ABO genotyping has been used in clinical applications, for example, Paternity Test, 18 fetal ABO genotyping in maternal plasma in fetal-maternal ABO incompatibility, 19 predisposition to pathogenesis of thrombosis event 20 and the risk test of hepatocellular carcinoma. 21 Especially, in fetal-maternal ABO incompatibility, maternal IgG antibody cause destruction of the fetal red cells and then result in fetal hemolysis. Rapid fetal ABO genotyping contribute to early prevention, diagnosis and treatment of hemolytic disease of the fetus and newborn. ABO genotyping by the droplet-AS-PCR with rapidity and simplicity will be substantially useful to predict and prevent disease.
The droplet-AS-PCR methods using TaqMan probe can also provide quantitative data comparable with the conventional real-time PCR.
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ABO genotype can be used as donor/recipient discrimination markers, which is useful especially in HLA-matched but ABO-incompatible transplantations. 22, 23 Quantitative assessment of chimerism following
HSCT is important for evaluation of engraftment/relapse. Genetic marker widely used in the chimerism analysis is short tandem repeat (STR), which discriminate donor/recipient according to the number of repeat of STR loci. However, chimerism assessment based on STR-PCR analysis is semi-quantitative and requires multiple processes including PCR, dilution of the PCR products and capillary electrophoresis using sequencer. Thus, chimerism analysis based on ABO genotype using our droplet-AS-PCR method is superior to that based on STR using conventional PCR in terms of simple and rapid procedure and quantifiability. The droplet-AS-PCR could specifically detect all SNPs at the ratio of 5% or less except for 526G. The difference of melting temperature (Tm) between SNP-specific primer and the opposite primer may influence the decrease in sensitivity at 526G. For application of the present assay for chimerism analysis in clinical setting, it is needed to increase sensitivity using primers including Tm-modulator such as locked nucleic acid which are able to suppress the difference of Tm between two primers.
In conclusion, Rapid droplet-AS-PCR was able to determine ABO genotypes that are personal identification markers. The high speed, robustness, specificity, and sensitivity of the method are superior to those of other methods used for genetic testing in clinical laboratories.
The positive features of droplet-AS-PCR should make the ABO genotyping widely used in the clinical setting.
